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TECMNICfALNOTENO.339.

REFRIGERATEDWINDTUNNELTESTSON SURFACECOATINGS

FORPREVENTING

By MontgomeryKnight

ICEFORMATION.

andWilliamC. Clay.

Thisinvestigation

Summary

was conductedin theRefrigeratedWind

,-

TunnelatLangleyMemorialAeronauticalLaboratory,Langley

Field,Virginia,to determinetheeffectivenessofvarioussur-

facecoatingsas a meansforpreventingiceformationson air-

craftin flight.

Thesubstancesusedas coatingsforthesetestsaxedivided

intotwogroups:compoundssolubleinwater,andthosewhich
P

are insolubleinwater.

s Itwasfoundthatcertainsolu”olecompoundswereapparently

effectiveinpreventingtheformationof iceon an airfoilmod-

el,whileallinsolublecompoundswhichweretestedwerefound

to be ineffective.

Int r o duct i o n

Theformationof iceon aircraftin flightpresentsa seri-

oushazard,whichis ofparticul~importanceto airmailand

transportlines. Thedangerarisespartlyfromtheincreased

-4 weight,butmoreparticularlyfromthedeformationof aerodynam-

ic shapesresultingin decreasedlift,increaseddrag,excessive
.
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vibration,andlossof control.Wings,wires,andstrutsare

thepartsmostseriouslyaffected.

Thepossiblemethodsforov~rcomingtheicehazaxdmaybe

dividedintotwogeneralclassifications.Thefirsti~preven-

tion,whichincludestheuseof surfaceapplicationsandthe

use of heat. Thesecondis avoidance,whichincludesadequate

weatherforecastingoverestablishedairroutesandtheuseof

suitableinstrumentsto enablepilotsto avoidconditionscon-

duciveto iceformation.

A studyof thevariousphysicslandchemic~propertiesof

wateras a solid,liquid,andvapor,withp~ticularreference
I

to atmosphericconditions,isusefulin interpretingphenomena

of iceformation.Theproblemisverycomplexandstillthe

subjectofmuchresearch.However,thefollowingreferencesare

suggestedasgivinga generalresme of thesubject.A diSr

cussionofthebehaviorofwaterin itsvariousformsmaybe

foundinReferences1 and6. Theformationof clouds,water,

vapor,ice,snow,etc.,andassociatedphenomenaarediscussed

in anygoodtexton meteorology(References1 to 5).

Freeflightinformationandothermaterialdirectlyapplica-

bleto thesubjectof iceformationmaybe foundinReferences

7 to 12. Inmanyrecords,thereareapparentlyconflictingac-

countsof iceformationsandtheconditionsunderwhichthey

occur,whichmaybe dueto theparticularweatherconditionsen-

counteredandtypeof aircraftused. Thusfartheseunrelated
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reportshavebeenoflittletechnicalvalue,anda definitesolu-

tionof theproblemcanbe lookedforonlyaftera complete

studyofthesubject.
b

Therearethreegeneralatmosphericconditionswhichcause-

k threecorrespondingtypesof iceformationson airplanes:name–

ly,temperatureinversion,mildandhighsupercooling.

Thefirstcondition,knownastemperatureinvezsion,exists

duringan ‘licestorm.”An icestormis consideredto be any

stormwhichcausesiceto formon exposedobjects(Reference2).

The structureof theice fozmedin suchstormsisgeneraU.y

smoothandglassyin appearance,butitmaybe temporarilyrough

owingto an admixtureof snowor sleet. Anotherkindof rough-

nessmaydevelopif thewaterfreezesslowlyafterit hasfalle-

n, whichmaycauseridgesto form. Inpracticallyallcases,

thisicehasbeenobservedto adherestronglyto the.surface.

Therearenumeroustemperaturecombinationsoftheair,rain,

andobjectwhichmayproducetheseiceformations,butthemost

easilyrecognizedconditionis theonein whichthetemperatures

of t’heairandobjectarebelowthefreezingpointandrainis

fallingtfromcomparativelywarncloudsat a higheraltitude.

Undersuchconditions,icewillformon anyexposedobjectin

thiscolderregion.Inthecaseof an airplaneflyingin such

a region,ice

givinga very

flowoverthe

forasandbuildsup rapidlyon allleadingedges,

bluntnosewhichsoonbreaksup thesmoothair

surfaces,thusreducingtheliftandincreasing
.
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thedragandmakingan immediatelandingnecessary.1% ispossi-

ble,in somecases,foran airplsneto riseabovetheice-fozmhg

*
region,butoftenthisregionis quiteextensivebothin sJ.ti-

tudeandarea. Suchstormsarequitefrequentin NorthernUnited
\ StatesandCanadaandgenerallycauseconsiderabledamage,due
. to heavyformationsof iceon telegraphlinesandtrees.

Thesecondgenerslconditionoccursin cloudormistwhen ..
“. P

theairtemperatureis1 or 2 degreesbe~owfreezing.Inthis‘L’c J
case,thesurfacetensionof thewaterparticlesis greatenough

to overcomethetendencyto freeze.Sucha date is relatively

unsta”~le,andas soonas am airplanestrikestheparticles,they

freeze.Thisis a mildformof supercooling,andgivesa “glaze”

formationsimilarto thatobtainedduringaq icestorm,except

thatit isgenercllymoremoderateanddoesnotdeformthesur-
,

facesof an airfoilto suchan extent.It is,however,a condi-

* tionthatis encounteredquitefrequentlyandhascausedmany

forcedlandings.A pilotmayflyinthismistforsometime

withoutrealizingthatthewingsarecollectingquitea growth

of iceuntilhe noticesa markedvibrationof theai~l~e, or

a sl~gishnessof thecontrolswhichis accompaniedby difficulty

in maintainingaltitude.It isbelievedthatwithsufficient

warning,a pilotcouldavoidsucha region,as it is generd.lY

a localcondition.

Thethirdconditionis encounteredin fogor mistwhichis
.4

severaldegreesormorebelowfreezingtemperature.In sucha

b

..—.
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region,thewaterparticlesarehighlysupercooled.As soonas

cm airplaneconesintocontactwiththeseparticles,theyfreeze
s

uponthesurfacesinstantlyandhavean appearancesomewhatsimi-

* laxto ~now. Thistypeof formationis,however,composedof

hard,whitecrystasof ice,mhiohadherestronglyto thesur-

face~d whichbuildoutforw~d fromallexposedleadingedges

givingthema sharp-nosedshape. Thisparticulartypeof con- ,

Ciitionhasriotas yetbeenencounteredto a greatextent.

Aiiotherconditionunderwhichiceformson an airplanewhen

thetemperatureof bothairandrainis slightlyabovefreezing

pointhasbeenreportedoccasionally.In sucha case,therain,

as it fallson theairplane,maybe cooledby evaporationsuffi-

cientlyto causefreezing.Theextentof thisevaporativecool-

ingvariesinverselywiththerelativehumidity.

Up to thisdateno effectivepreventiveforiceformation

is inuse on airplanes.A fewinstancesareknownwhere

vidualpilotshavetriedoneor twosurfaceapplications

success.A fewcommercia.3instrumentshavebeenmadeto

indi-

without

warn

pilotswhentheyaxeapproachingdangerousregions,butthis ..
phaseof theproblemis stillrelativelyundeveloped.In1925,

a smallwindtunnelwassetup in a refrigeratedroomatMcCook

FieldforthepurposeOf studyingtheei’feetof iceformation

onPitottubes,butthisresearchdidnotincludemethodsof

preventionon otherairplaneparts. TheUnitedStatesWeather

Bureauhasmade a specialstudyof ice–formingweathercondi-

●
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tionswiththeintentionof usingweatherforecastsby radioto

wan pilotsof approachingdanger.Sucha systemisnow inuse

t to a limitedextent,andthevalueof theseforecastscannotbe

.

.

overestimated.
*. Ithasbeenrecentlyannouncedthroughthepressthata de–

vicehasbeendevelopedby Dr.W. C. GeerandDr.MeritScottof

CornellUniversityin cooperationwiththeDanielGuggenheim

Fund,theB. F. GoodrichCompany,andtheNationalAirTransport,

whichremovesicefromthewingas fastas it forms!-Thisde-

vice,knownas an ‘Iovershoe,n is lacedovertheleadingedge

of thewing. It consistsmainlyofrubber,impregnatedwitha

specialoilwhichreducestheadhesionbetweentheiceandthe

rubber.Withintheshoeareairductsto whicha pulsating

airpressureis appliedalternatelyinflatinganddeflatingthe

shoe,thusdistortingtheleadingedgeof thewingandbreaking

offtheiceas it forms.

Theproblemsof iceformationarebeinginvestigatedat the

LangleyMemorialAeronauticalLaboratory,bothon airpl~esin

flightandon modelsin a refrigeratedwindtunnelwhichwas

builtespeciallyforthispurpose.Theresultsof theflight

teststhathavebeenconductedthusfarhave-beenpublishedin

References8 and12. Thepresentpreliminaryreportcovers

testsmadein thewindtunneLon meansforpreventingicefor-

mationby theuse of surfacecoatings.In thesetestsformations

on wingsonlyhavebeenconsidered,sincethisrepresentsthe

,
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mostimportantaspectof thehazard.

c Apparatus

t A disgramof therefrigeratedwindtunnel,whichis of the

open-throattypewithan airstream6 inchesindiameter,is

showninFigure1. Thetunnelproper,whichis ofmetal,is in-

sulatedfromtheoutsideairby layersof corkandwood. The

testchamberis insulatedby doubleglassdoorsandwindows

whichenabletheice-formingprocessto be observedandphoto-

graphedfromtheoutside(Fig.2). Theairtemperaturein the

tunnelisloweredandregulatedby theflowof coldbrinethrough

thehollow,metalguidevqnes,thebrinebeingcooledby a re-

frigeratingappsxatusof commercialtype(Fig.3). Thecircula-
. tionof theairin thetunnelismaintainedby a propellerdriven

by an electxicmotor.

In orderto simulatecloudsor rain,coldwateris injected

intotheair

whichareof

Thelocation

sectionof a

is contained

streamby meansof a groupof fourspraynozzles,

theairimpingementtypeandgivefineatomization.

of thesenozzlesis shownin Figure1, andthecross

nozzletipis giveninFigure4. The spraywater

in an insulated,closedreservoir(Fig.5),which

is equippedwitha waterlevel

coolingthewater. Compressed
.. tubelrin thereservoirkeeping

willnotfreezeon thecoils.
9

gaugeandwitha brinecoilfor

airis blownfromthe “stirring

thewaterinmotionso thatit

Thereservoiris connectedto the
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compressedairsup-plyas showninthediagram.T&equantity

spraywaterandthesizeof thedropsadmittedto thetunnel

of

are

regulatedby variouscombinationsofthe airandwaterpressures?
in thenozzles. .

4 Thetenperatuxereadingsduringtheoperationof thetunnel

areobtainedby resistancethermometerunitsof a commercial

typeplacedin-thewaterreservoir,spraynozzleinlettube,and

testchamber(Figs.1 and6].

Themodelusedinthesetestswas a 3-inchchord,ClarkY

mahoganyairfoil.Thespanof theairfoilwas12 inches,which

permittedit to extendentirelyacrossthejetat thecenter.

In allthetestsonlyhalfof theairfoilwascoveredwith

the substanceunderconsideration,theotherhalfbeingleft

bareforcomparison.In allaccompanyingphotographsof ice

formations,thecoatedhalfof thewingis indicatedby an sxcow.

TestsandResults

Certainpreliminarytestsweremadein thewindtunnelto

determinethebestformof waterspraynecessaryto produceice-

of smoothappearanceandwhichwouldbe similarin structure

andformto thatobservedin flight(Reference12),in orderto

makea studyofpossiblepreventives.It wasfound”thatthe

characterof theformationsobtaineddependedto a greatdegree

on thequantityof wateradmittedto thetunnelperunitof time.

A spraywhichconsistedoflargedropswas foundto useexcessive
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quantitiesof waterwhichcouldnotbe properlyregulatedwith-

outgivingverypoordispersioninthejet,andwhichgavefor-t
mationsof iceon themodelof a verydifferentshapefromany

s obtainedin flight.A spray,whichconsistedofverysmall

drops,wasfoundto be quitesatisfactoryandwasusedin all

thefollowingtests,as it couldbe easilycontrolledto give

evendispersionacrosstheairstreamat anydesiredrateof

wateroutput.

Havingsatisfactorilyproducediceformations,testswere

thenmadeonvarioussurfacecoatingsto findtheireffectin

preventingor delayingiceformation.Thesetestsweredivided

intotwoseries.In thefirst,thespraywasmadedenseto ire-”

#poseextremeweatherconditionson thecoatings.”However,it

wasnotsufficientlydenseto preventthewaterfromfreezing

. verysoonafterit depositedon themodel,thuseliminatingthe

formationof ~ciclesandotherdeformationson theleadingedge

whichwouldbe misleading.Iv,thesecondseries,thespray

wasmadeverymuchlighterand,as is explainedlater,there-‘

suitsweredifferentin severalrespectsfromthoseobtained

. withtheheavyspray.

Underthefirstseriesof teststhefollowingsubstances

weretestedat an airtemperatureof-l°C,whichis aboutthe
.

averagetemperatureencounteredin an icestcrm,andat an air
*

streamvelocityof 70m.p.h.(31metersper second)withthe

* airfoilsetat zeroangleof attack.
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Insolublecompounds:

Lightlubricatingmineraloil.

Heasqylubricatingmineral.oil.*
Cupgrease.

* Vaseline.

Paraffin.

Simonizewax.

Solublecompounds:

Glycerine.

Glycerineandcalciumchloride.

Molasses

H&cdened

Hsxdened

andcslciumchloride.

sugarsolution

glucosesolution.

Alltheabovecompounds,exceptthesyga.randglucose,were

brushedon theairfoilso as to forma thincoat. Thesugar
.

andglucosesolutionswereboileddown,appliedabout1/16inch

thickwitha brushwhilehot andallowedto haxden.Whenin the

hardenedconditiontheyhad abouttheconsistencyof taffycandy.

In thesefirsttests,oils,greases,andwaxesshowedno

tendencytowardspreventionor evenhindranceof theformation

of ice,andactuslly;in somecasestheyaugmentedit as shown

in Figure~. It.wasoriginallybelievedthatthedropswould

notremainon thesesubstances,sincetheyaresupposedto shed

water,butthisactiondidnottakeplace.* Thedxopsadhered

to thesurface,especiallyat the stagnationpointof thelead-
*

.
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.

.

.

.

ingedge,andfrozequiteas readilyas on thebarewing.

Testson thesolublesubstanceslikewisedidnot showa
●

markedpreventivetendency.Itwasb=lievedthatthesesub-

t stanceswoulddissolvewiththewateras fastas it struckthe

surface,and,thuslowerthefreezingpointsothaticewould

not form. Owingto thelowviscosityof theglycerineandcsl-

ciumchloridesolutions,theyimmediatelyblewbackfromand

exposedtheleadingedgeon whichicethenformed.Testsmade

on thesugarsolutiondidnot showthistendencyto blowback.

The solution,however,wasnot easilydissolved,consequently, ‘
iceformedreadilyontheleadingedgeon topof thecoating.

It wasdifficultto distributethisstickysubstanceevenlyon

thewingandsomeof it crystallizeduponcooling,showingthat

it was a ratherimpracticalcoatingat thebest. 1~ testson a

hardenedglucosesoluticn(Fig.8),madeat thesuggestionof
U*S, .4.

the/Bureauof Standardsjthesame-generalprocesstookplace

as in thecaseof thesugaX,exceptthatforthefirsttwomin-

utesof thetesttheformationof iceon thecoatedsidewas

hindered.However,aftertheformationhadoncestarted,it

builtup rapidlyshowingapparentlythattherewastoofiuchwa-

terfallingon thesurfacefortheglucosetohavemucheffect.

Theformationsobtainedunderthisfirstseriesappemed

to be,exaggerated.Duringthefirsttwominutesof eachtest

theformationwas apparentlysimilarinproportionto thoseob-

tainedin actualflight,but afterthatit merelybuiltup and
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exceededinproportionsanypzobablefull-scaleformation.Fig-

ures7 and8.showsuchformationssftertestsof 15 minuteseach,

in whichheavyoilandglucose
●

8 thereappearsto be a l~ger

r theuncoatedhalfof thewing,

wereusedas coatings.ID Figure

formationon thecoatedthanon

butactuallytherewasverylittle

differencein theweightof ice. Aftertheoriginalleading

edgeformationbecamelage, someof thewet solutionwhichre-

mainedon thebackpartof thewingwas carriedforwardby a

reversalof airflow. Thismeltedsomeof thebackpartof the

leadingedgeformationandslteredtheprofile,makingit thin-

nerin theverticaldimensionandcmsing it tobuildoutfor-

ward,thusgivingan extendedformationas seenin theplan‘

view. It is doubtfulif suchan actionhasanyimportancein

this

long

lift.

study,as an airplaneprobablycouldnotremai~in flight

enoughto collectsucha formationon a wing,sincethe

wouldbe greatlyreduced.

.

Assumingthattheconditionsunderwhichthefirstseries

of testswasinadeweretoosevereandprobablynotrepresent-

tiveofflightconditions,a secondseriesof testswasmade

whichgavelessexaggeratedformations.Thesesecondtestcon-

ditionswereobtainedby reducingthequantityof spraywa%er

admittedto thetunnelperunitof timeto one-fifthof thepre-

viousamount,andby reducingthedmationof theteststonine

minutes.A fewpreliminarytestsundertheseslteredconditions

appearedto indicatethattheformationsobtainedweremoremod-

.
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crateandapproximatedmorenearlythoseof fullscale.

Itwasbelieved,sinceicehadbeenobservedto formonly
*

on theleadingedgeof themodelairfoil,thatanypreventive

i compoundneedbe appliedonlyto thatpartofthewingto be ef–

fective.Subsequenttestswhichweremadeon thatbasisproved

thisassumptionto be correct.Thedropsof waterwhichstrike

theleadingedgeand~e preventedfromfreezingby thepreven–

tivecompound,blow

state.

Undertheless

backon the

exaggerated

airfoilandremainin theliquid

conditionsadditionaltestswere

madeon theglucose,as thiswastheonlysubstanceusedthus

farthathadanynoticeablepreventiveeffecton theformation.

It wasexpectedthatthesenewtestconditionswouldamplify

thepreventiveeffectnoticedduringthefirsttwominutest
theprevioustest.

TQefirstglucosetestof thissecondserieswasmade

of

at an

airtemperatureof -0.5°C,and,as canbe seeninFigure9, the

formationobtainedwasconsiderablymoremoderatethanthose

shown”inFigures7 and8. Duringthef}rsteightminutesthe

glucoseentirelypreventedthegrowthof ice,butby theendof

theninthminute,allof it haddissolvedfromtheleadingedge

andicebeganto formas canbe seenin F@ure 9. Similartests

werethenmade,graduallyloweringtheairtemperature.At tem-

2°C!thestructureof theiceon theuncoatedperaturesabove- ,

halfof theairfoilwasthatof a clearsolid,givinga blunt-
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a

.

nosedshapesuchas isformedin a ternperatu-einversionice

storm. Theglucose,whichcanbe distinctlyseenon theleading

edgein Figure10,completelypreventedthistypeof formation.

Below-2°C,thestructureof theicewhichformedon theun-

coatedhalfof themodelwassimilarto thatknownas “rime,”

whichindicatedthepresenceof supercooledpmticlesof water

in theair. This‘[rimeliformationwascomposedof hard,white

crystalswhichbuiltoutforwardfromtheleadingedgetowards

thedirectionof theairstream,givinga sharp-nosedshape

whichwasdistinctlydiffexentfromtheblunttypeobtainedat

highertemperatures.Thepreventiveactionof theglucosewith

thistypeof icestructuredecreasedwithtemperatureuntilat

-6°C(Fig.11),itwaspracticallynegligible.

Thetemperatureof-2°Crecordedin thesetestsas the

pointof changebetweentheformationof IIglaze”and“rime!!does

notnecessarilymeanthat“glaze”willnot formbelowthattem-

peraturenor I!rimellaboveit,asthatdependson variousweather

conditions.

A solutionof ‘iWhiteKaro”cornsyrupwasthen%~sted.

Thiswasappliedin thesamemanneras theglucosesolution.It
.

‘madea coatingverysimilarto thatof theglucose,exceptthat

wheninthehardenedcondition,itwas slightlysofter.This

‘Karo”coatingentirelypreventedallformationsof icefrom

O°C to thelowestlimittested,whichwas-4°C. Figure12 shows

veryclearlythepreventiveeffectof the ‘iKaxo”on a I’rime”

formationat-4°C.
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A coatingof honeyappliedinthesamemanneras theglucose

completelypreventedtheformationat-1°C,butonlyhinderedit
*

at thelowertemperatures.Thehoneyappeaxedto dissolvefrom

* thewingmuchfasterthandidanyof theotherboiled-downsolu-

tions,which,of course,showsthatithas a shortlifeas a

preventive.

A testmadeon a applicationof glycerinesoapshowedno

tendencywhateverto preventorhindertheformation.While

thisis distinctlya solublecompound,thesolutionformedevi.

dentlydidnotlowerthefreezingpointsufficiently.

Itwasnot considerednec~ssaxyto retestunderthealtered

conditionsallthe insolublecompoundspreviouslytried,as at

no timedidanyof themshowanyt“endencyto preventor hinder
. theformation.However,forcomparison,testsweremadewith

heavyoiland,as expected,no preventiveactionwasindicated.
(Fig.13).

Testson a commercialpaintandon gooseoil,recentlysug-

gestedbecauseof theirIfice-adhesion!!properties(Referenoe11),

failedtopreventtheformationof iceon themodel. Severa3 “

othertestson v~ious commercialproductsforiceprevention

havealsofailedto showanysuchtendency.

A listof allsurfacecoatingstestedandtheirdegreeof

effectivenessisgivenin Table1.
.
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D i s cus s ion

Thevalueof theresultsof thisresearchdependsuponthe
? successfulreproductionin therefrigeratedwindtunnelof ac-

tualice-formingwe@her conditionsencounteredin flight.Thiss
hasprovedverydifficult,sincetherearea largenumberofpos-

sibleconditionsuponwhichbutlittleflightinformationis

available.

Informationon variousflighttests-

studiedandcomparedwiththewindtunnel

airfoil.Forcomparisonwithwindtunnel

graphof an actualiceformationobtained

hasbeencarefully

resultson theuncoated

formations,a photo-

in a testflightat

thislaboratoryisgiveninFigure14. Thisptiticularexample

was obtainedduringa sleetandrainstorm.at a recordedair ...
temperatureof about-0.5°0.Theformationwas collectedin

about15 minutes,andthoughvery light,hada characteristic

shapeandstructure.

Theamountof waterpresentinthewindtunneljetwasmeas-

uredroughlytodeterminetheactusldensityof thesprayused

in thetests. Thesemeasurementswerecomparedwithmeteorolog-

icaltables,andindicatethatthespraydensityusedin the

firstseriesof tests,whichwas about2000milligramsof liquid

waterpercubicmeterof air,correspondsto an excessiverain.

Similarly,thedensityusedin thesecondseries,whichwas

about500milligrmspercubicmeter,correspondswithfigmes

for a moderateto heavyrain. It isbelievedthatthelatter
.
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densityrepresentsmorecloselyaverageice-formingweathercon-

ditions.?
It isdoubtfulwhetheranyinsolublecompoundwouldeverbe

{ effectiveinpreventingiceformationon airplanewings. The

adhesivepropertiesalonebetweenthewaterandthesubstance

do not appearto affecttheformationof ice. Hence,thereis

nothingtopreventthesmalldropsfrom

on theleadingedge.

Ingeneral,allsolublesubstances

liquidcausea loweringof thefreezing

lodgingandfreezing

whendissolvedin a

temperature.Thisphe-

nomenonappearsto be thegreatestfactorin thestudyof sux-

faceapplicationsforiceprevention.Somesolutesare,of

course,moreeffectivethanothers,dependingon theirvolubil-

ity,molecularweight,anddegreeof ionization.Anotherphe–

nomenonproducedby somesubstancesis thattheydecreasethe

rateof growthof crystalsthatmaybe precipitatingfroma so-

lutioninwhichtheyarepresentevenin smallquantities.

GlucoseandK~o cornsyrupaxegoodexamplesof substanceshav–

ingthiseffect.It islikelythatthispropertyaidsin ef-/
fectingicepreventionby suppressingtheprecipitationof ice

crystsls,andalthoughthislatterphenomenonmaynotbe as im-

portsntasthefirst,itmayhavea bearingon theselection ,

of suitableccmpounds.

Therearelimitationsto thepracticaluse of smface coat-

ings. Manyeffectiveagentsarephysicallyunsuitableinthat
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\
theyarequicklywashedaway. Thisfactat onceeliminatesthe

use of liquidsandsoftsolublecoatingsunlessa meansof con-

tinuousapplicationisprovided.SQmeof thesolublematerislsT
whichcanbe

s“ satisfactory

awayaftera

appliedso as to producea fairlyhardcoatingare

as longas theylast,butthese,too,willwash

limitedtime. Thedurabilityofthesesolublesub-

stancesdepenbonthehmdness,whiletheireffectivenesswhich

decreaseswiththetemperaturedependson thesoftnessof the

application.Hence,theconsistencyof suchapplications,which

mustbe determinedby experimentation,mustbe a suitablecom-

promisedependingon therequirementsfortheiruse.

C9nglqs~oqs

Withinthescopeof thesetestswhichconsistedonlyin in-
.

vestigatingtheabilityof certainsubstanceswhenappliedto

. an airfoilsurfacetopreventtheformationof ice,noneofthe
.

compoundsshowedanyappreciablepreventiveactionwiththe

heavyspray.. Thefollowingconclusionsmaybe drawnfromthe

resultsof taetsinwhichthelighterspraywasused:

1. Insolublecompounds,suchas“oils,waxes,greases,

andpaints,areineffectiveinpreventingtheformationof

..

.

ice.
2.

sesand

Softsolublecompounds,suchasmixturesofmolas-

glycerinewithcalciumchloride,whichdo nothave

a strongtendencyto keeptheirshapeandto adhereto the 4

surface,blowawayfromtheleadingedgeanddo notprevent

thegrowthof ice.
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3. Hardsolublecompounds,suchas glucoseandKaro

syrup,whichholdtheirshapeandadherestronglyto the

surface,preventiceformationswithincertaintemperature

limits,dependingon theirvolubility.

4. Coatingsneedonlybe appliedto theleadingedge

of sn airfoilasfarbackas themaximumordinate.

5, Othermethodsof applyingsubstancesto thewing

surfacesmayproveto be effective,

ousapplicationof a liquidsoluble

ingedge.

suchas thecontinu-

compoundto thelead-

LaagleyMemorialAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,March7, 1930.
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TABLEI

SurfaceCoatingsTested
InsolubleGompounds SolubleCompounds

X Lightoil P Glycerine

X Heavyoil P Glycerineandcalciumchloride

X Cupgrease P Molasses

X Paraffin I Hardened

X Vaseline F Hardened

X Simonizewax G Hardened

X Commercialpreparations F Hardened

X Commercialpaint x soap

X Goosegrease

andcalciumchloride

sugaxsolution

glucosesolution

~’Karol’syrupsolution

honey

.

x

P

I

F

G

Not a preventative

A posstblepreventive,but couldnot
be madeto stayinplaceon thewing

Preventionindicated .
Preventionfair

Preventiongood
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Fig.5 Spraywaterreservoiraosembly.
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Teston@uooeaooat@J. Ba?y Bpray. ~
TeWrature-1°0.Al?speed70❑,p,h. 1%

Fig ,8
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Teet on gluoo8e ooatlng, Light Bpl=y. #

TemperatureO*#C, Air speed 70 m,p,h. J*

Fig.9
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Test on gluooae coating. Light spray.
Temperature-l°C. Air speed 70 ❑.p.h.

2
m
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Fig.10 o
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Teot on gluooee ooating, Light spray. -
Temperature-6.3°C. Air epe~d70 m.p.ho (K

.Fig,11
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Test on nkarow syrup ooating.Light spray w
Temperature-4°C, Air speed 70 m.p.h. G.

mg.1.z
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Test on heavy oil ooatlng. Light epray.
. h

TemperatureO.’@C. Air epeed 70 m.p.h. &
;

Fig.13
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